Introduction
Reactive oxygen species (ROS) released by lung macrophages, monocytes and neutrophils are not only the pivotal line of defence against infection but also play a major role in chronic tissue damage. The reactivity and oxidising potential of ROS is related to its chemical form and concentration, local concentration of transition metal ions and the availability of reducing agents, as cellular glutathione. In this milieu, H 2 O 2 and TBARs emerge as relatively stable and volatile products, which can be conveniently measured in exhaled breath condensate of the patients with either acute or chronic airway inflammatory state. Oxidative stress, explicitly, the imbalance between reactive oxygen species and antioxidant defence is a common finding in smoking subjects, patients with chronic bronchitis and chronic obstructive pulmonary disease (COPD) [1] [2] [3] [4] . The enhanced generation of oxidants is being, however, counteracted by increased activity of some pulmonary intracellular antioxidant defence members such as catalase and glutathione along with numerous others [5, 6, 7] . Cigarette smoke is an abundant source of thiol reactive aldehydes that readily hinder the pool of reduced glutathione, the major intracellular antioxidant in respiratory tract lining [8] . More specifically, cigarette smoke extracts were shown to convert tyrosine into 3-nitrotyrosine, which implies that these oxidizing agents act as peroxynitrite, a radical of the highest oxidizing potential [9] . Moreover, the increased H 2 O 2 itself in exhaled breath may be related to both enhanced ROS generation and depletion of antioxidant pool. Thus,readily predicted based on the action of single redox pair. It cannot be excluded that cigarette smoking and COPD may in parallel exert such action in a disease involving a rapid influx of phagocytes as pneumonia. COPD and smoking status are likely to modulate H 2 O 2 and TBARs levels in exhaled breath in response to bacterial infection in lower airways. The exhaled H 2 O 2 was indeed found increased in breath condensate in patients with community acquired pneumonia, adult respiratory distress syndrome, COPD, asthma and after lobectomy [10] [11] [12] [13] [14] [15] [16] . However, the relation between exhaled H 2 O 2 and clinical parameters or concomitant diseases was casual, limited or reported only incidentally [10, 17] . To the best of our knowledge, none of the existing studies has elaborated on the effect of smoking status on the levels of exhaled H 2 O 2 in acute pulmonary infection. In our experimental design, we studied effects of cigarette smoking status, as a confounding factor, on the time course of H 2 O 2 and TBARs in exhaled breath in patients with community acquired pneumonia (CAP).
Materials and Methods

Patients and treatment
The study included 43 patients (12 women aged 65±13, 31 men aged 67±12) with CAP admitted to Institute of Internal Medicine at Medical University of Lodz from May 1998 to September 2000 (table 1) . Each enrolled patient had to meet the following inclusion criteria: (1) age at least 18 years; (2) a new infiltrate(s), consolidation or pleural effusion consistent with pneumonia on a chest radiograph at the day of admission; (3) at least two of the following signs and symptoms: new or increased cough, purulent sputum, auscultatory findings on pulmonary examination including rales and evidence of pulmonary consolidation, tachypnoea or hypoxemia, pleuritic chest pain; (4) at least one of the following signs and symptoms: fever (tympanic temperature of >38.5°C) or a history of fever for the current episode of CAP, total peripheral white blood cells (WBC) count of >10 000 cells /mm 3 or >15% immature neutrophils (bands) regardless of total WBC count or leucopenia with total WBC count <4 500 cells/mm 3 ; (5) negative urine pregnancy teston the day of admission in cases of women with child-bearing potential. The exclusion criteria were: (1) female patient who is pregnant or breast-feeding; (2) aspiration pneumonia or hospital-acquired pneumonia; (3) cystic fibrosis, active tuberculosis, bronchiectasis, active malignancies, signs of disseminated infection, creatinine clearance of below 30 ml/min, liver impairment (alanine aminotransferase ALT, aspartate aminotransferase AST or alkaline phosphatase levels greater than 3 times the upper limit of normal) or presence of any serious unstable, underlying disease; (4) immunodeficiency or concomitant medication that may suppress the antibacterial defense; (5) systemic inflammatory disease; (6) active alcohol or illicit drug abuse.
All but two patients in a group of CAP patients (n=19) with mild COPD [18] , were cigarette smokers: mean daily cigarette consumption was 19±7 and the cumulative consumption was 31±14 pack-years. Mild COPD and effectively controlled hypertension with angiotensin converting enzyme (ACE) inhibitors were the only accepted concomitant diseases in the study protocol.
The empiric antibacterial therapy was initiated on the first day after admission. The empiric antibacterial therapy was introduced at standard doses and continued for seven days. It included cephalosporins in 19 patients, quinolones in 9, cephalosporins combined with aminoglycoside in 9 cases, cephalosporins plus quinolone in 2 patients and amoxicillin with clavualate in 4 patients.
Drugs were administered daily at the standard dosages for 7 days. Concomitant medication included: N-acetylcysteine effervescent tablets 600 mg/day, theophylline 300 mg twice a day and, ACE inhibitors (either captopril 12.5 mg or 25 mg two or three times a day or enalapril 10 to 20 mg once a day). ACE inhibitors were used by 9 nonsmoking patients and in 2 smokers. All CAP patients, who were active smokers (n=19) and the non-smoking patients (n=24), were treated with Nacetylcysteine and theophylline starting from the admission day. The group of control healthy subjects included 20 volunteers (14 men, 6 women) (table 1) who had neither ever smoked nor suffered from any infectious disease for at least 3 months. They were free from any medication and had no history of respiratory or atopic disease. Each patient involved in the study gave their informed consent and the study protocol was thoroughly reviewed and approved by the Ethics Committee at Medical University of Lodz.
Study protocol
At the day of admission the chest X-ray, serum chemistry, haematology, urinalysis were performed and blood and sputum specimens for culture were collected from CAP patients. The chest X-ray was interpreted by both pulmonary consultant and radiologist and the intensity of pneumonic changes was ranked from 0 (no symptoms) to 11 points. The number of pulmonary fields (from 0 to 6 points) involved by inflammatory infiltrate (consolidation) was the first parameter to be considered. One or two points were added if the opacity was inhomogeneous and mostly hazy or dense and coalesce to form confluent areas of pulmonary shadowing, respectively. The score was increased by additional one or two points if pleural effusion with or without adhesions was present (bilateral effusion with adhesions were ranked with 3 additional points). Thus, the maximum total score of 11 refers to a patient with bilateral pleural effusion and dense confluent inflammatory shadows in all 6 pulmonary fields.
The results of sputum and blood culture identified etiologic agent as Streptococcus pneumoniae (n=14) and Haemophilus influenzae (n=7) in the majority of study subjects. In 22 patients, the etiology of infection disease remained undetermined. Additionally, the serum antibody tests excluded current infection with Chlamydia pneumoniae, Chlamydia trachomatis, Chlamydia psittaci, Mycoplasma pneumoniae and Legionella pneumophilia. Although 10 patients were discharged as soon as after 7 or 8 days and the analysis of the 10 th day exhaled breath condensate was not possible in their case, they were included in study results as long as they were undergoing the current therapy.
The pre-bronchodilator spirometry was performed with Flowscreen (Erich Jaeger GmbH Co., Germany) at days 1 st and 10 th just after EBC collection. The following parameters were also measured during the treatment: serum concentration of C-reactive protein (CRP) with Beckman Array 360 on the 1 st and 10 th day of treatment and WBC count with Technicon H1 on the 1 st and 10 th day, respectively.
Collection of exhaled breath condensate
The EBC specimens for H 2 O 2 and TBARs assay were collected as previously described [1, 10] . Briefly, EBC samples for H 2 O 2 and TBARs assay were collected between 8 and 10 a.m., 24 hours (admission) and then 3, 5 and 10 days (discharge) after the antibiotics therapy had been started. Patients who were current active smokers were asked to refrain from cigarette smoking for 12 hrs before EBC collection. If a patient failed to refrain from smoking, a sample collection was performed on the following day. This was the case with 5 patients; one on day 3 rd , three on day 5 th and one on day 10 th . EBC from healthy subjects was collected at the same time intervals. To avoid any effect of season on H 2 O 2 exhalation [19] , the healthy control were randomly paired with one patient with CAP and the EBC collections were performed at the same intervals. The patient respiratory rate during EBC collection ranged from 17 to 27 breaths per minute versus 16 to 19 per minute in healthy controls. Previous studies demonstrated that the concentration of H 2 O 2 in EBC was unaffected by the range of five fold increase in respiratory rate and minute ventilation [1] . The samples of collected condensate were immediately processed in H 2 O 2 and TBARs assays.
Measurement of H 2 O 2 and TBARs in exhaled breath condensate
The concentration of H 2 O 2 in EBC was measured with previously described method [19, 20] . Briefly, equal volumes of EBC and HRP solution (1 U/ml) containing 100 µM homovanillic acid were mixed and incubated for 60 min at 37°C. Then, 0.1 M glycine-NaOH buffer (pH 12.0) with 25 mM EDTA was added and emission at 420 nm was determined spectrofluorimetrically using a Perkin Elmer Luminescence Spectrometer LS-50B (Norwalk, CT, USA) at excitation at 312 nm. The regression equation was: y [µM] = 0.06764(xx o )+0.152 (where y = micromoles of H 2 O 2 per liter of exhaled breath condensate; x = intensity of emission at 420 nm expressed in arbitrary units; x o = intensity of emission given by reference sample receiving distilled water instead of EBC) [19] . The content of TBARs in EBC was determined as previously described [1, 21] . Concisely, 100 µl of the condensate was mixed with 2 ml thiobarbituric acid solution, boiled for 30 min, allowed to cool down and chromogen was extracted with butanol. After centrifugation, TBARs were measured spectrofluorimetrically, excitation and emission at 515 nm and 546 nm, respectively [21] . The respective regression equation was y [µM]= 0.120x -0.076 (where y= TBARs in µM, x=intensity of emission at 546 nm expressed in arbitrary units). The lower level of H 2 O 2 detection was 0.083 µM [3] . Tetramethoxypropane was used as an external standard and TBARs assay sensitivity was 0.05 µM [3] . For standard hydrogen peroxide solutions ranging from 0.1 to 0.5 µM and tetramethoxypropane 0.1 µM and 0.5 µM solution, H 2 O 2 and TBARs in-traassay variability did not exceed 2% and 3%, respectively.
Statistical analysis
Data is expressed as an arithmetic mean ± standard deviation or median and range with respect to the data distribution. In the case of the data below method sensitivity, H 2 O 2 (14 of 242 samples) and TBARs concentration (186 of 242 samples) in EBC was assumed to be a half of detection limit of 42 and 25 nM, respectively. The cumulative mean refers to the average from four time points including the admission, third, fifth and tenth day during the study, whereas mean is specifically the average from a single time point. The time course of variables was analysed with Student t and Wilcoxon matched pairs tests based on sample distribution. The differences between groups were analyzed with Mann-Whitney U test or Friedman ANOVA test. In all cases a p value of <0.05 was considered significant.
Results
The clinical outcomes
The empiric antibiotics therapy was successful and all study patients finished the study. There was significant improvement in forced vital capacity (FVC) and forced expiratory volume in the first second (FEV 1 ) in pneumonia patients with a history of cigarette smoking (n=19): FVC% (percentage of predicted value) increased from 63.8±17.4 to 80.6±20.7 (p<0.05); FEV 1 % increased from 55.9±20.3 to 67.8±28.7 (p<0.05) and FEV 1 /FVC increased from 85.1±21.9 to 87.7±17.6 (p<0.05). Serum CRP level decreased from 5.4±1.9 mg/dl in CAP patients with smoking history and 11.3±11.7 mg/dl in patients with CAP alone (day 0) to 1.9±1.7 mg/dl and 3.0±2.9 mg/dl (day 10), respectively (p<0.05). In the same subgroups, WBC decreased from (day 0): 9.3±4.1×10 3 /µl mg/dl (CAP with smoking history) and 10.9±6.7×10 3 /µl (CAP alone) to 7.4±2.9×10 3 /µl and 9.2±0.6×10 3 /µl (day 10), respectively, but these changes were not significant.
Effect of cigarette smoking on time course of H 2 O 2 exhalation in subjects with CAP
The time course of H 2 O 2 exhalation in smoking CAP patients in comparison with those with CAP alone is presented in figure 1 . The mean H 2 O 2 concentration in healthy subjects was 0.18±0.12 µM, and no relevant changes were found over the ten-day period observation in this group. The exhaled H 2 O 2 level was found significantly increased in CAP patients with either cigarette smoking history or without any concomitant airway disease if compared with healthy subjects at every given time point in the study (p<0.05). There was a remarkable increase of H 2 O 2 exhaled breath condensate levels in non-smoking CAP patients if compared with smoking counterparts. These differences were significant on the first, third and fifth day of treatment ( fig. 1) 
Effect of cigarette smoking on the time course of TBARs exhalation in CAP patients
The level of TBARs in exhaled breath condensate increased in smoking CAP patients on the first day of admission ( fig. 2 ) compared to patients with CAP alone. Although three and five days after admission exhaled TBARs levels were still 3.3 and 2.3 times higher, they did not reach significance level due to high inter-individual variability. TBARs levels were not altered between different time points assessed in CAP patients without smoking history over ten-day treatment period. Also, in smoking patients with CAP the respective values did not change significantly over this time. The cumulative mean TBARs concentration (reffering to the average from four time points during the study) 0.08±0.11 µM (median 0.02 µM, minimum 0.00 µM, maximum 0.32 µM) in smoking CAP patients during entire study period was similar to cumulative mean TBARs level of 0.03±0.05 µM (median 0.01 µM, minimum 0.00 µM, maximum 0.21 µM) in patients with CAP alone (p=0.27). However, this mean TBARs concentration evaluated over entire study period was significantly increased in smoking CAP patients up to 0.08±0.11 µM (median 0.02 µM, minimum 0.00 µM, maximum 0.32 µM) if compared with the control group 0.01±0.026 µM (p=0.0165). Further, 10 days after the initiation of antibiotics therapy, TBARs level decreased 4-fold in comparison to initial levels in smoking CAP patients but still, in statistical terms, the significance level was not reached presumably due to several early discharges in this group.
Discussion
The most relevant finding from the current study is that hydrogen peroxide and TBARs level in exhaled breath condensate is altered by smoking status in patients with community-acquired pneumonia (CAP). In particular, concomitant cigarette smoking discriminated subjects with CAP in respect to the amount and time pattern of H 2 O 2 exhalation for five days after the admission. Patients, who were non-smokers exhaled more H 2 O 2 than the smoking counterparts, whereas TBARs, on the contrary to H 2 O 2 , was decreased in patients with CAP alone at the start of treatment.
Although, the overall time course of changes in exhaled H 2 O 2 and TBARs in pneumonia patients does not appear as a surprising finding, the relevant changes of these parameters are not a common observation in exhaled breath condensate of patients with other pulmonary diseases. A recent study on a group of nineteen patients treated due to lower respiratory tract infections did not demonstrate any apparent changes in H 2 O 2 concentration in exhaled breath condensate in the course of standard therapy of COPD exacerbations [22] . Also, in patients with mild asthma, H 2 O 2 in exhaled breath condensate was reportedly at invariable level without any apparent changes over the course of therapy [23] . However, H 2 O 2 was also found to decrease in exhaled breath in asthmatic patients treated with inhaled glucocorticosteroid for four weeks [24] and in COPD patients after long-term administration of N-acetylcysteine [19] . The implications from these observations emphasize that the persistent state of bronchial inflammation could attenuate the acute phagocyte response to the infection in the airways. The antioxidant defence in chronic bronchitis or COPD is likely to be more prone to accelerate H 2 O 2 decomposition [4] , specifically including glutathione, catalase and myeloperoxidase [6, 7] . Acute as well as chronic exposure to cigarette smoke, a major causative factor of chronic bronchitis and COPD was shown to elevate exhaled H 2 O 2 [1, 2] . Cigarette smoke as a source of iron [25] may promote hydroxyl radical generation, peroxidative damage to lung tissue and 
Correlation between exhaled breath condensate and clinical parameters
The cumulative mean (refering to the average from four time points during the study) level of expired H 2 O 2 in CAP patients corrleated with serum CRP concentration on admission: r=0.42 (p=0.046) and the X ray score: r=0.45 (p=0.032). Also, cumulative mean level of expired H 2 O 2 in smoking CAP patients correlated with CRP on admission: r=0.47 (p=0.034), however, there was no correlation with the X ray scores.
TBARs formation in the airways [1] . On the other hand, COPD secondarily can increase the activity of catalase and glutathione peroxidase, concentration of reduced glutathione and antioxidant capacity of epithelial lining fluid of distal airways [7] . Numerous clinical and research evidence provide the data on the increase or attenuation of H 2 O 2 released by lung phagocytes in response to chronic exposure to cigarette smoke. COPD was shown to enhance H 2 O 2 exhalation [3] . Also, alveolar epithelial type II cells showed inhibited IL-8 mRNA expression and chemokine release that would further support the attenuation of neutrophil function in chronic bronchitis [26] . Contrary to the working notion that chronic inflammation would attenuate phagocyte function, certain compounds from smoke condensate were shown to upregulate CD11b/18 and increase the number of formyl-methionyl-leucyl-phenylalanine receptors on neutrophil surface along with two-fold increase in superoxide generation [27] . Increased lung iron content and underlying inflammatory response predispose to both oxidants-and enzymatic-dependent TBARs generation leading to higher exhalation of these compounds in pneumonia patients with COPD [28] . The attenuated exhalation of H 2 O 2 in smoking patients with pneumonia in our study may hypothetically be linked to the increased release of catalase from macrophages in the aiways in smoking subjects [29] .
Oxidative stress related with cigarette smoking may be too mild to elevate the concentrations of measured variables in exhaled breath condensate of CAP patients. This is consistent with the results of our previous study in which cigarette smoking did not affect elevated H 2 O 2 and TBARs exhalation in subjects with stable chronic obstructive pulmonary disease [3] . Pre-existing chronic bronchitis enhances lung antioxidant defence, thus additional oxidant burden related with pneumonia did not result in a further rise in H 2 O 2 exhalation. We did not observe this phenomenon in case of TBARs exhalation probably due to much more complicated TBARs metabolism, which involves free radical dependent and independent sources of generation and catalytic properties of iron [30] . We would assume that in our experimental setting the robust inflammatory response to bacterial infection and the oxidative burden in activated host defense phagocyte cells would contribute to increased involvement of H 2 O 2 generation that was attenuated in smoking subjects with pneumonia. Further, the clinical relevance of alternations in breath condensate H 2 O 2 levels in the assessment of the 'efficiency' of oxidative response to the infection should not be underestimated. We have previously demonstrated the positive correlation between pneumonic chest X-ray score at the day of admission and the mean H 2 O 2 level over the tenday hospitalisation period [10] .
In summary, among our patients, the subjects with a history of cigarette smoking demonstrated decreased level of exhaled H 2 O 2 and increased concentration of exhaled TBARs within up to five days after the diagnosis of CAP and initiation of antibiotics therapy. The decrease of H 2 O 2 level in breath condensate may indicate for the enhanced decomposition of H 2 O 2 , impaired inflammatory response to bacterial infection or the attenuation of phagocyte oxidative response early in the course of infection, whereas increased TBARs seems to be associated with a delayed effect of increased oxidative stress. The time course of changes in exhaled H 2 O 2 and TBARs appears to differentiate subjects with respect to smoking status. The relevance of these observations merits further research that could potentially improve not only our understating of chronic inflammation in smoking subjects, but also the clinical management of these patients.
